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,QWHUQDWLRQDO&RQIHUHQFHRQ)XWXUH&RPSXWHU6XSSRUWHG(GXFDWLRQ
7KH$QDO\VLVRI8QLYHUVLW\&XUULFXOXP6HWWLQJ%DVHGRQ
.1,0(
*HQODQJ&KHQD-LXTLX<DQJE
1LQJER,QVWLWXWHRI7HFKQRORJ\=KHMLDQJ8QLYHUVLW\1LQJER&KLQD


$EVWUDFW
&XUULFXOXP VHWWLQJ KDV EHFRPLQJ D FUXFLDO SUREOHP LQ FROOHJHV DQG XQLYHUVLWLHV %\ DQDO\]LQJ WKH UHVXOW RI WKH
TXHVWLRQQDLUHRQ FROOHJHJUDGXDWHV WKLVSDSHUSURSRVHV DPHWKRG WR VWXG\ WKH OHYHOV RI FXUULFXOXP LPSRUWDQFH DQG WKH
VDWLVIDFWLRQRI WKH VWXGHQWV7KHUHVXOW FDQSURYLGH WKH UHIHUHQFHV IRUXQLYHUVLW\GHFLVLRQPDNHUV LQ WKHLUFRXUVHVHWWLQJ
PHDQZKLOHWRKHOSWKHPNQRZEHWWHUWKHVWXGHQWV
DFDGHPLFQHHGVDQGXOWLPDWHO\HQDEOHWKHPWRLPSURYHFXUUHQWFRXUVH
VHWWLQJIRUWKHVDNHRIERRVWLQJERWKWHDFKLQJOHDUQLQJSURFHVVDQGWKHRYHUDOOTXDOLW\RIJUDGXDWHV

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGVFXUULFXOXPVHWWLQJGDWDPLQLQJ.1,0(
,QWURGXFWLRQ
$VDUHVXOWRIWKHDFFHOHUDWLRQRIWKHWHFKQRORJLFDOLQQRYDWLRQDQGWKHVKDUSWUDQVIRUPDWLRQRIVRFLHW\WKH
UHTXLUHPHQWV RI VRFLHW\ WR KLJKHU TXDOLW\ RI WDOHQWV LV PRUH DQG PRUH KLJK DQG KDV EHHQ H[WHQGHG WR WKH
FRPSUHKHQVLYH DELOLW\ >@ 7KH FRPSHWLWLRQ RI DFDGHPLF KDV JUDGXDOO\ WXUQHG WR WKH FRPSUHKHQVLYH DELOLW\
ZKLFK LV EDVHG RQ0XOWLSOH,QWHOOLJHQFHV $V WKH FUHDWRU DQG H[SRUWHU IRU WKH VRFLDO WDOHQWV KRZ WR VHW DQ


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVFJO#QLW]MXHGXFQ
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HIIHFWLYHFXUULFXOXPSODQIRUVWXGHQWVKDVEHHQDYHU\LPSRUWDQWSUREOHPWRWKHDGPLQLVWUDWRUVRIFROOHJHV>@
7KRXJKWKHUHDUHORWVRIFROOHJHWHDFKLQJOHYHOHYDOXDWLRQPHWKRGGUDZLQJWKHFRQFOXVLRQIURPWKHJUDGXDWHV
DFFRUGLQJWRWKHFRUUHVSRQGLQJGDWDLVDQRSWLRQDOPHWKRGIRUWKHUHVHDUFKHUV>@
'DWD PLQLQJ LV GHILQHG DV D GHFLVLRQVXSSRUWLYH SURFHVV WKDW JHWV FRQQRWDWLYH XQNQRZQ DQG XVHIXO
LQIRUPDWLRQ DQG NQRZOHGJH IURP SUDFWLFDO GDWD ZKLFK LV VXEVWDQWLDO LQFRPSOHWH QRLVH DPELJXRXV DQG
VWRFKDVWLF >@>@>@ %\ H[WUDFWLQJ WUDQVIRUPLQJ DQDO\]LQJ DQG PRGHOLQJ WKH NH\ GDWD RI GHFLVLRQ
VXSSRUWLYHLVH[WUDFWHGIURPWKHPDVVGDWD,QWKLVSDSHULWH[SHFWVWRDQDO\]HWKHLPSRUWDQFHDQGVDWLVIDFWLRQ
RIWKHFXUULFXOXPDQGFODVVLI\WKHPDLQFRXUVHVZKLFKDUHLQYROYHGLQTXHVWLRQQDLUH$FFRUGLQJWRWKHUHVXOW
WKHDGPLQLVWUDWRUVFDQDGMXVWDQGLPSURYHWKHFXUULFXOXPVZKLFKDUHXQLPSRUWDQWRULPSRUWDQWEXWXQVDWLVILHG
WRWKHVWXGHQWV
7KHUHVWRI WKHSDSHU LVRUJDQL]HGDV IROORZV7KHQH[WVHFWLRQSURYLGHVDEULHIRYHUYLHZRI WKHGDWDVHW
6HFWLRQGHVFULEHVWKHSUHSURFHVVLQJDSSURDFKDGRSWHGLQWKLVSDSHULQFOXGLQJWKHGDWDSUHSURFHVVLQJDQGGDWD
FODVVLILFDWLRQ 6HFWLRQ  GHVFULEHV WKH UHVXOWV DQG GLVFXVVLRQ 7KH ILQDO VHFWLRQ SURYLGHV VRPH FRQFOXGLQJ
UHPDUNV
'DWD6HW
7KHGDWD VHW LQ WKLVSDSHUFRPHV IURP WKH LQYHVWLJDWLRQRI WKHJUDGXDWHV LQRI VRPHXQLYHUVLWLHV LQ
1LQJER=KHMLDQJZKLFKLVPDGHE\DFRQVXOWLQJFRPSDQ\7KHVXUYH\LVVXHGDWRWDORITXHVWLRQQDLUHV
DQGUHFRYHUHGRIWKHP7KHVXUYH\FRYHUHGWKHVWXGHQWVRIXQGHUJUDGXDWHPDMRUV
$IWHU SUHSURFHVVLQJ WKH FROOHFWHG GDWD DUH GLYLGHG LQWR WZR SDUWV ZKLFK FRQWDLQ WKH JUDGXDWHV¶ EDVLF
LQIRUPDWLRQDQGWKHUDWLQJRIWKHLPSRUWDQFHDQGVDWLVIDFWLRQRIWKHFXUULFXOXPV>@>@7KHGDWDDSSOLHGLQ
WKLVSDSHULVWKHVHFRQGSDUWRIWKHVXUYH\VZKLFKLVWKHLPSRUWDQFHDQGVDWLVIDFWLRQRIWKHFXUULFXOXPV7KH
RULJLQDOGDWDLVVKRZHGLQWDEOH7KLVGDWDLQFOXGHVPDMRUVSLHFHVRIGDWDIURPFRXUVHVWRWDOO\
$PRQJ RI WKHP WKH LPSRUWDQFH RI WKH FRXUVHV LV VHW  YDOXHV ZKLFK DUH OHVV LPSRUWDQW VRPH LPSRUWDQW
LPSRUWDQWYHU\LPSRUWDQWDQGH[WUHPHO\LPSRUWDQW7KHYDOXHVVKRZWKHLPSRUWDQFHRIWKHFRXUVHVIURPORZ
WRKLJK 6LPLODUO\ WKH VDWLVIDFWLRQRI WKH FRXUVHV LV VHW WZRYDOXHVZKLFKPHDQVQRWPHHW DQGPHDQV
VDWLVILHG
7DEOH3DUWRIWKHRULJLQDOGDWDRIWKHFRXUVHV
8VHU1R 6SHFLDOL]HG)LHOG &RXUVH1R ,PSRUWDQFH 6DWLVIDFWLRQ
 /<*/ /<*/ OHVVLPSRUWDQW 
 /<*/ /<*/ VRPHLPSRUWDQW 
 /<*/ /<*/ LPSRUWDQW 
 /<*/ /<*/ LPSRUWDQW 
 /<*/ /<*/ ([WUHPHO\LPSRUWDQW 
0HWKRG
7KH GDWD PLQLQJ SURFHVV GLYLGHG LQWR GDWD SUHSURFHVVLQJ DQG GDWD PLQLQJ :H PDLQO\ XVH VWDWLVWLFDO
PHWKRGIRUGDWDSUHSURFHVVLQJ'DWDDUHFODVVLILHGE\PHDQVRISUREDELOLVWLFQHXUDOQHWZRUN331ZKLFKLV
EDVHGRQ''$LQRUGHUWRJUXEWKHXVHIXOLQIRUPDWLRQ
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5HODWHG7RROV
,QWKLVSDSHU WKHWRRORIGDWDPLQLQJLV.1,0(,W LVDQRSHQVRXUFHWRROIRUGDWDPLQLQJZKLFKLV
EDVHGRQWKH(FOLSVH%\PHDQVRIWKHZRUNIORZSDWWHUQLWFRPSOHWHVGDWDH[WUDFWLRQWUDQVIRUPORDGRSHUDWLRQ
LQ GDWD PLQLQJ 7KH SDSHU WDNHV .1,0(  DV WKH GHYHORSPHQW HQYLURQPHQW E\ PHDQV RI WKH QHXUDO
QHWZRUN WKLVSDSHUPDNHVPRGHORIGDWDDQG WHVW WKHPRGHOZLWKUHDOGDWD LQRUGHU WRSURYH WKLVPRGHOFDQ
SURYLGHEDVLVIRUDGPLQLVWUDWRU¶VGHFLVLRQPDNLQJ>@
'DWD3UHSURFHVVLQJ
,QILJQRGHUHDGVWKHRULJLQDOGDWDIURPWKHGDWDEDVH$PRQJWKHRULJLQDOGDWDVRPHRIWKHPPLVVWKH
YDOXHRIWKHLPSRUWDQFHDQGPDNHQRVHQVHIRURXUUHVHDUFKZKLFKLVQRLVH7KHQRLVHVKRXOGEHH[FOXGHGLQ
QRGHRIWKHSURFHVV

)LJ7KHSURFHVVRIGDWDSUHSURFHVVLQJ
1RGHFRPSXWHVWKHLPSRUWDQFHRIHYHU\FRXUVH7KHPHWKRGFDOFXODWHVWKHQXPEHURISHRSOHDQVZHULQJ
GLIIHUHQWLPSRUWDQFHWRZDUGVHDFKFRXUVH)RULQVWDQFHSHRSOHFKRRVHµLPSRUWDQW¶IRU7UDYHOLQJ0DUNHWLQJ
6RWKHLPSRUWDQFHRIDWWULEXWHRIµ7UDYHOLQJ0DUNHWLQJ¶LV)URPQRGHWRQRGHFDOFXODWHWKHVDWLVIDFWLRQ
RIDOOFRXUVHV,QRUGHUWRIDFLOLWDWHWKHFDOFXODWLRQWDNHVSODFHRIZKLFKSUHVHQWVOHVVVDWLVIDFWLRQ7KLV
SURFHVVLVGRQHE\QRGHIURPWR$QG1RGHFDOFXODWHVWKHVDWLVIDFWLRQRIHYHU\µLPSRUWDQW¶:HDGGXS
WKHVDWLVIDFWLRQRIDOO WKHµLPSRUWDQW¶1HJDWLYHYDOXHVPHDQVXQVDWLVI\LQJ WKHJUHDWHUWKHDEVROXWHYDOXHLV
WKH ZRUVH WKH VDWLVIDFWLRQ LV )RU H[DPSOH WKHUH DUH  SHRSOH ZKR FKRRVH VDWLVI\LQJ DQG  SHRSOH FKRRVH
XQVDWLVI\LQJ WKH ODVW YDOXHRI LPSRUWDQFHRI7UDYHOLQJ0DUNHWLQJ LV PLQXV7KH MRERI QRGH LV WR
KDQGOHDQGDQVZHUWKHXQLPSRUWDQWUHFRUGDQGXVHWRH[SUHVV1RGHFRPELQHVWKHDWWULEXWHVRIWZRWDEOHV
,QRUGHUWRIDFLOLWDWHWKHXQGHUVWDQGLQJZHPDGHVRPHDGMXVWPHQWVRQQRGHVIURPWR)LQDOO\ZHFDQ
JHW WKH GDWD SUHSURFHVVLQJ UHVXOW DV WDEOH  VKRZV 1RGH  GLYLGHV WKH GDWD LQWR QHXUDO QHWZRUN OHDUQLQJ
VDPSOHVDQGFODVVLILFDWLRQVDPSOHV1RGHDQG1RGHZULWHWKHVDPSOHVLQWRGDWDEDVHLQRUGHUWRXVHWKH
1HXUDO1HWZRUNV$OJRULWKP


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7DEOH3DUWUHVXOWDIWHUGDWDSUHSURFHVVLQJ
&RXUVH1R &,PS &6,PS &1,PS &(,PS &9,PS &&( 0,PS 06,PS 01,PS 0(,PS 09,PS 0&(
5<.<            
=+5<            
<6*/            
;:*/            
6:*&            
&,PSWKHQXPEHURI
LPSRUWDQW
DQVZHUV
&6,PSWKHQXPEHURI
DOLWWOHLPSRUWDQW
DQVZHUV
&1,PSWKHQXPEHURI
XQLPSRUWDQW
DQVZHUV
&(,PSWKHQXPEHURI
H[WUHPHO\LPSRUWDQW
DQVZHUV
&9,PSWKHQXPEHURI
YHU\LPSRUWDQW
DQVZHUV
&&(WKHQXPEHURI
XQNQRZQ
DQVZHUV
0,PSWKHQXPEHURI
LPSRUWDQWDQGVDWLVILHG
RU
LPSRUWDQWDQGXQVDWLVILHG
DQVZHUV
06,PSWKHQXPEHURI
DOLWWOHLPSRUWDQWDQGVDWLVILHG
RU
DOLWWOHLPSRUWDQWDQGXQVDWLVILHG
DQVZHUV
01,PSWKLVURZLVVHW
0(,PSWKHQXPEHURI
H[WUHPHO\LPSRUWDQWDQGVDWLVILHG
RU
H[WUHPHO\LPSRUWDQWDQGXQVDWLVILHG
DQVZHUV
09,PSWKHQXPEHURI
YHU\LPSRUWDQWDQGVDWLVILHG
RU
YHU\LPSRUWDQWDQGXQVDWLVILHG
DQVZHUV
01,PSWKLVURZLVVHW
'DWD&ODVVLILFDWLRQ
%\DQDO\]LQJGDWD FXUULFXOXPFDQEHFODVVLILHG LQWRFDWHJRULHV LPSRUWDQWDQGVDWLVILHG LPSRUWDQWDQG
XQVDWLVILHGXQLPSRUWDQWDQGVDWLVILHGXQLPSRUWDQWDQGXQVDWLVILHG%XWWKHVDWLVIDFWLRQGHJUHHFRUUHVSRQGLQJ
ZLWKWKHXQLPSRUWDQWFXUULFXOXPLVDOODEVHQWLQWKHVRXUFHGDWD3UREDEO\LWLVWKRXJKWWREHXQQHFHVVDU\WR
LQYHVWLJDWH WKHXQLPSRUWDQWFXUULFXOXPV¶ VDWLVIDFWLRQGHJUHHZKLOHPDNLQJ WKHTXHVWLRQQDLUH6RGXULQJ WKH
UHVHDUFK ZH KDYH GLYLGHG WKH FXUULFXOXP LQWR WKUHH FDWHJRULHV XQLPSRUWDQW LPSRUWDQW DQG XQVDWLVILHG
LPSRUWDQWDQGVDWLVILHG7KHILUVWWZRFDWHJRULHVDUHFUXFLDOWRWKHDGPLQLVWUDWRUVRIWKHXQLYHUVLW\DQGZRUWKWR
EHLPSURYHG
:HWUDLQDQGVRUWWKHVDPSOHVE\3UREDELOLVWLF1HXUDO1HWZRUN311ZKLFKLVEDVHGRQWKH''$)LUVWO\
ZHVRUWSDUWRIGDWDDUWLILFLDOO\DVDOHDUQLQJVDPSOHRI311$VVHFWLRQPHQWLRQHGLWUDQGRPO\FKRRVHV
VDPSOHVDVWKHVWXG\VDPSOHV
$VVKRZHGDERYHDOOFXUULFXOXPVFDQEHGLYLGHGLQWRWKUHHSDUWVDQGXVHWRSUHVHQWWKHPPHDQV
LPSRUWDQWEXWOHVVVDWLVI\LQJPHDQVXQLPSRUWDQWDQGPHDQVLPSRUWDQWDQGVDWLVI\LQJ7KHGDWDRIWDEOH
FDQEHFODVVLILHGDVIROORZV

          !

LI &1LPSF ! &,PSF  &6,PSF  &(,PSF  &9,PSF
6RUW F LI 0,PS F 06,PS F 0(,PS F 09,PS F ^ RWKHUZLVH

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7KHSURFHVVRIGDWDPLQLQJDVILJXUHVKRZV1RGHDQG1RGHUHDGOHDUQLQJVDPSOHDQGVRUWVDPSOH
IURPGDWDEDVH,QRUGHUWRLPSURYHWKHHIIHFWLYHQHVVRIFODVVLILFDWLRQ1RGHDQG1RGHVWDQGDUGL]HGWKH
GDWD SURFHVVLQJ 1RGH  XVHV VWXG\ VDPSOH WR WUDLQLQJ 311ZLWK ''$ DOJRULWKP DQG LQSXWV WKH WUDLQHG
QHWZRUNPRGXOHLQWR1RGH1RGHFODVVLILHVGDWDVDPSOH1RGHRXWSXWVWKHVRUWHGUHVXOW
)LJ7KHSURFHVVRIGDWDFODVVLILFDWLRQ
5HVXOWDQG'LVFXVVLRQ
$VPHQWLRQHGDERYHDOOFXUULFXOXPVFDQEHGLYLGHGLQWRWKUHHSDUWVDQGXVHWRSUHVHQWWKHP%DVHG
RQWKHFODVVLILFDWLRQUHVXOWVRI311QHWZRUNWDEOHVKRZVWKHSDUWRIFXUULFXOXPVZKLFKVRUWHGE\
7DEOH3DUWRIWKHFXUULFXOXPVZKLFKVRUWHGE\
&RXUVH1R &RXUVH1DPH &RXUVH1R &RXUVH1DPH
):*/ 6HUYLFHPDQDJHPHQW 6)*/ 7KHODZRIWD[
-5*& )LQDQFLDOHQJLQHHULQJ &&*/ :DUHKRXVLQJPDQDJHPHQW
&:*/ )LQDQFLDOPDQDJHPHQW *)&/ 3RO\PHU0DWHULDO
&;6-
2EMHFW2ULHQWHG
3URJUDPPLQJ -&-6
'HWHFWLRQWHFKQLTXHVDQG
LQVWUXPHQWDWLRQ
5<)<
-DSDQHVH7UDQVODWLRQ
7KHRU\DQG3UDFWLFH **6-
,QWHJUDWLRQDQGLQQRYDWLRQLQ
GHVLJQ
,QRUGHUWRYHULI\WKHDFFXUDF\RIFODVVLILFDWLRQZHH[DPLQHWKHILUVWFRXUVHV7KHUHVXOWLQGLFDWHVWKDW
 FRXUVHV DUH GLYLGHG LQWR FRUUHVSRQGLQJ FDWHJRU\ FRUUHFWO\ DQG WKH DFFXUDF\ LV  ,W LV DQ DFFHSWDEOH
UHVXOWVRQHXUDOQHWZRUNLVDIHDVLEOHDQGPHDQLQJIXOZD\WRVRUWWKHVHGDWD7KHDGPLQLVWUDWRUVFDQDGMXVWWKH
FXUULFXOXP E\ FODVVLILFDWLRQ UHVXOWV VXFK DV UHPRYLQJ DQG VXEVWLWXWLQJ WKRVH XQLPSRUWDQW FXUULFXOXPV DQG
UHIRUPLQJWKHFXUULFXOXPVZKLFKDUHLPSRUWDQWEXWOHVVVDWLVI\LQJHWF,IVRWKHFXUULFXOXPVHWWLQJRIFROOHJHV
PD\EHEHWWHU
&RQFOXVLRQ
,QWKLVSDSHUZHKDYHSURSRVHGDPHWKRGWRVWXG\WKHOHYHOVRIFXUULFXOXPLPSRUWDQFHDQGWKHVDWLVIDFWLRQ
RIWKHVWXGHQWV%\DQDO\]LQJWKHTXHVWLRQQDLUHRQWKHFROOHJHJUDGXDWHVWKHUHVXOWFDQSURYLGHWKHUHIHUHQFHV
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